Proc. ASA 3 (3) 1978 the particles. The total power in the moving type IV bursts reported by Stewart (1978) is less than about 10 2, erg s" 1 . Supposing that all the power available goes into emission at s = 2 or 3, a saturated maser operating in a small section of the source (N« 10~4) could account for the power observed.
4. Amplified emission at the fundamental (s = 1) is possible, and it can escape provided the plasma frequency is less than the gyrofrequency. Most of the power radiated would then go into the fundamental. Consequently, one might expect a much higher brightness temperature at lower frequencies, e.g. T> 10 12 K at/<20 MHz for a source with B = 5 to 10G in which 1 % of the particles are involved in the maser at any given time.
5. The broad frequency spectrum observed requires that the maser operate over a region where the range of values of B (and hence in w = sQ, with * = 2 or 3) is roughly two to one. One formal problem arises: the maser operates only at w < sQ e , with positive absorption at o > sU,. Emission in the direction of decreasing B must pass through a region where absorption occurs. Favourable escape paths, e.g. towards increasing B, should exist, but then one would expect to see bright spots, i.e. for the source to show fine structure.
6. Undesirable features of the proposed mechanism, when compared with the observed properties, include the following:-(a) one would expect to see fine spatial structure; (b) one would expect the frequency spectrum to rise steeply towards decreasing frequencies where the maser is most effective; (c) significant amplification strongly favours the extraordinary mode, and quite high degrees of polarization would be expected.
Conclusion
A gyro-synchrotron maser is a possible interpretation of the observed high brightness temperatures (10 10 K) in some moving type IV bursts. However, unless considerably higher brightness temperatures, e.g. at lower frequencies, are found, it seems that non-amplified emission from electrons with energies (» 1 MeV) higher than considered in the past is a more plausible interpretation (Stewart et al. 1978) . If the brightness temperature at lower frequencies is found to be much higher, e.g. T> 10 
Introduction
Recently (Gleeson (1972) , Quenby (1973) , Webb (1974,1978) ) it has been shown that the mean rate of change of momentum of cosmic rays reckoned for a volume fixed in the solar system is <P> = I/7V.G,
3 where G = (UU p )(dU p /dr) si the cosmic-ray density gradient with U p the differential number density with respect to momentum p at position r. (cf also the integral form of (1) by Jokipii and Parker 1967) .
In this paper we demonstrate, with an example of cosmicrays moving in a uniform tube in which there is a convective background with constant speed V, that the formula (1) correctly gives the cosmic ray momentum changes. In this example the divergence of the solar wind velocity is zero and the adiabatic deceleration process with change -JP^.V is inoperative. A full version of the theory and a complementary example are given in Gleeson and Webb (1978 a, b) with complete references.
The Example.
The physical situation is depicted in Figure 1 . Cosmic-rays from the large reservoir of particles enter the tube at x = 0, and are subsequently scattered by the 'heavy' scattering centres embedded in the uniform convective background moving with velocity Vt x down the tube. The particles are scattered without change of energy in a frame of reference moving with the scatterers. Distance down the tube is denoted by x. A 0 is the uniform cross-sectional area of the tube; and as is usual in cosmic-ray studies the particle speed v>V. We assume that the particle distribution function in momentum position space F(x,p) is of the form
where 0 is the angle between the x axis and the particle momentum p, and a steady-state situation prevails. With this 
The cosmic-ray equation of transport applicable to this situation, with zero adiabatic deceleration -ipV. V, is 3 l / VU" -K*Ur\ = 0, (3) dx\ dx / where K(x,p) is the diffusion coefficient. The solution of (3) with the boundary conditions l/"(0,p) = U{0,p), U" (<x,,p 
is
For this solution it may be verified that there is a net particle flow (integrated over all momenta) down the tube in the direction of increasing x. Consider the momentum changes of particles in the section of the tube between x = 0 and x = x 0 . According to (1) the cosmic rays with momentum in (p,p + Ap) located in 0<x<x o , gain momentum at the rate
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and for the case of x 0 = oo (i.e. for the whole tube) this reduces to -pVA 0 U(0,p)dp/3. We now verify the result (6) working from first principles. Since the particles are scattered elastically in the wind frame of reference, and v > V, a Lorentz transformation shows, that the particle momentum change in a single collision is p> -p = m v . (e; -e") + 0 (l^p/v 2 ),
where ^,' = p'/p' and e" = p/p are unit momentum vectors, and p,p' are the particle momenta before and after collision. In a series of collisions of a cosmic ray particle with the moving scattering centres, summation of the momentum changes experienced at each collision using (7), leads to a net momentum change of p* -p = m\. (e* -e") where p* = p*e? is the final particle momentum. Note also that this result is also independent of collisions with the walls of the tube as V. e, is conserved in such collisions.
Consider the particle momentum changes of particles entering the tube section 0<x<x o , from either boundary and finally exiting the section through one of the boundaries. For particles entering at x = x a [x a = 0 or x a = x 0 ] with momentum in (p,p + dp) incident at angle 0 to Ox, and exiting at x = Xa {x a ' = 0 or x 0 ) in the solid angle dfi' = lit sin 0' d0', with momentum p', the rate of change of momentum is
Here the three principal terms in (8) are the incident particle flux in dfi = 2x sin 0 d0, the particle momentum change p' -p, and the fraction of particles exiting at x a ' in dfi'. Integrating (8) over the set \x a ' = 0, (x/2) < 0' < x) U\x: = x 0 , 0 s 0' < -K/2) U\x a = 0, 0 < 0' < TT/2) with p' -p = mV (cos 0' -cos 0), yields the total rate of change of momentum of particles initially entering via x = 0 to be
Similarly for particles initially entering at x = x 0 , and finally leaving the section 0 < x < x 0 , the total rate of momentum change is
Note particularly the assumption F, = 0(V/vF") has been used.
Adding the last two result we finally obtain the result (6) for the rate of change of momentum of particles passing through the section 0 S x < x 0 , thus verifying the correctness of our result in (1) for the mean rate of change of momentum <p>.
Concluding Remarks.
In this paper we have demonstrated the essential correctness of the result (1) for the mean-rate-of-change-of-momentum of cosmic-rays reckoned for a volume fixed in the solar system. The main aim of the paper, however, was to demonstrate that contrary to widespread belief, cosmic rays undergo energy changes even when adiabatic deceleration is inoperative. For the particular example we chose, the total rate of change of momentum of particles in the whole tube was -AopVU(0,p)dp/3, a momentum loss. In the reverse situation in which the wind velocity is directed towards x = 0, the total rate of change of momentum for the whole tube can be shown to be AqpV U(0,p)dp/3, a momentum gain. In the former case the effects of overtaking collisions, with energy losses dominate, whereas in the latter case head-on collisions are dominant with consequent energy gains.
